Abstract
Introduction
Structured products have become widespread, they are easily digested and by allowing the inclusion various ingredients to them, they can extend the range of food products with high biological value. The creation of gel products is based on the concept of the formation of the suspension of vital substances that are ready for absorption by the organism, through being in a microenvironment of a gel. They are ready for consumption and quick assimilation always and anywhere [1] .
It is known that in recent years it is a tendency to create products, based on natural substances, so studying the properties of xanthan gum, locust bean gum, guar gum is an urgent task [2] . The determining of the structural viscosity, thixotropic degree can objectively estimate the quality of a developed gel product.
The aim of this work is the studying of technological, physical-chemical and rheological properties of the gel bases, based on hydrocolloids, for further development of gel food products.
Literature review
The design and the implementation of new generation food occur mainly in two ways: the development of analogs of products, which quality criteria are the characteristics of known by population products, and the manufacturing of products with new properties and composition. The development of new forms of products, studying their consumer characteristics, quality and efficiency become more and more important [1] [2] [3] .
As a result of years of research, scientists have concluded that the most effective way to deliver the necessary substances to the organism is a product in a gel form, which facilitates the biological digestion of products.
Functional products in the form of gels deliver equally well as hydrophilic and hydrophobic substances into the body. The number of active components is unlimited and typically gel products are multi-component composition [2] . Thickeners play a role not only of supporting components, but they are biologically active, having a beneficial effect on the human body.
Food stabilizers, thickeners and gelling agents are derived from many natural sources, including bacteria, terrestrial and marine plants and connecting tissues of animals. The possibility and feasibility of using these ingredients are determined by the totality of their properties, price and availability [3, 4] .
The ingredients, which are used in the food industry, are received by the extraction from various natural materials and are brought in food to get a certain structure and the necessary stability, fluidity and consumer characteristics.
These additives include traditional materials such as starch and gelatin. The most spread structural polymer of terrestrial plants is the cellulose and gums and products from algae. Also in the food industry it is allowed the use of microbial polysaccharides, which are xanthan, gellan and polluan [3] [4] [5] .
Hydrocolloids have a significant effect on the properties of food and cosmetic products with content from several mg / kg to high concentrations. Constant attention of scientists to these substances is caused by the importance of hydrocolloids for food technologies. With the use of modern methods of research in recent years it has been established the structure of these polymers and the formation of mesh structures by them and mechanisms of their interaction with other polymers. These structures exhibit many properties of ready products, including the stability of emulsions, the lasting stability of suspensions [2, 6] .
"They are present in nearly all manufactured products of food and cosmetic industry, but at the same time they are not well investigated" [2] . This statement clearly shows the role of stabilizers, thickeners and gelling agents. It is impossible to enumerate all the functions of these additives, that have an influence on the appearance, "sensation in the mouth" and the taste of products not only because a lot of them, but also because of constant changes, because all the time there are new data of the use of vehicles and useful properties of these compounds.
All stabilizers, thickeners and gelling agents are united by common name hydrocolloids, have vegetable matter, some of them are received using biotechnology, and gelatin belongs to the products of animal origin .
One of the most important properties of hydrocolloids, that affects the texture, is their property to gelling. For example, the addition of even small amounts of carrageenan to jelly dairy desserts forms stable gels. Other classic gelling agents include pectin, gelatin and agar [3, 7] .
One of the perspective gelling agents is gum. Gums are the natural polysaccharides; used for a manufacturing of food products as a stabilizer, thickener, gelling agent.
Xanthan gum (E415) is a natural polysaccharide, natural food additive that is used for food production as a stabilizer, thickener, gelling agent and means for encapsulation. Xanthan gum is obtained by fermentation of sugar syrup by cultures of Xanthomonas campestris. The substance is easily soluble in water, almost independent of mechanical influences, doesn't lose its properties in a wide range of pH and temperatures [8] .
Locust bean gum (E410) is a plant polysaccharide, which is obtained by grinding the endosperm of plants Ceratonia siligua. This polysaccharide is spread in the food industry where it is widely used for thickening aqueous phase and prevent syneresis [9] .
Guar gum (E412) is a powder white or yellowish color with a characteristic odor. It is extracted from grinded endosperm of guar beans. In food guar gum is used as a thickener, which has the following properties: regulates viscosity, stabilizes emulsions and provides creamy texture of products [10] .
Materials and methods
As objects of the research we have selected xanthan gum, guar gum and locust bean gum, also gel bases with different concentration of these gums.
It was investigated three ways to study the technological conditions of preparation of gel bases.
By the way 1: to distilled water of room temperature with constant stirring we added hydrocolloid by parts and left for a day until the complete dissolution of a gelling agent. By the way 2: to distilled water, heated to 60 ºC, with constant stirring we added a gelling agent by parts to the formation of a gel. By the way 3: to purified water of room temperature we added the structure-made substance, heated to 60 °C and stirred to the formation of a gel. As the result we obtained transparent gel bases pale-white color, homogenous, various viscosities.
The study of structural and mechanical properties of the samples were performed on viscometer [11, 13] . Viscosity measurements were carried out using the device "Rheotest-2", which operates on a constant shear rate.
1. Prepare a sample of 100 cubic centimeters of the set system, mix her and maintain 20-30 minutes. 2. In the immobile external cylinder of device 1 (Figure 1 ) inundate 30-40 сm 3 of the investigated system. 3. Put an internal cylinder 2 on an axis 3 that is connected with an electric engine.
4. An external cylinder 1 with the structured system is put on the fixed internal cylinder 2 and lift to support. 5. Fix position of external cylinder by means of nut. The investigated system is evenly distributed in a gap 4 between coaxial cylinders (external 1 and internal 2). If necessary the system is maintained in a thermostat 5 at a certain temperature (Figure 1 ) 6. On condition of permanent tension of change Р=const to the internal cylinder deformations (12 or 24) give certain permanent speed, here an external cylinder stays still. 7. Register velocity of circulation of movable cylinder 2 by means of potentiometer.
Velocity of circulation of cylinder is proportional to speed of deformation of the investigated system. 8. Tensions of change of Р expect, that arises up in the system, after equalization: P=z×a Z -became internal cylinder (driven to the passport of device, for example, for the cylinder of S2 -Z=5,39 Pa); a -it is a value of scale on an indicatory device (potentiometer). The experimental data build complete rheological curves of viscosity η = f (Р) and fluidity έ =f (Р) [11] [12] [13] .
Results and discussion
It was investigated the influence of a gelling agent concentration, water temperature and the duration of swelling on the viscosity of colloidal solutions and on the limiting shift stress.
It was calculated structural and mechanical properties of obtained colloidal systems.
For systems with xanthan gum, locust bean gum and guar gum with little stress we see an avalanche destruction of the structure, characterized by a sharp decrease of system viscosity. With further increase of the stress structure is destroyed more slowly, the viscosity decreases.
So, gel bases prepared by 3 ways with selected hydrocolloids belong to structured systems. Samples, prepared by the first method (Figure 1,4) for xanthan and locust bean gum didn't meet the required structural parameters.
The analysis of the experimental data showed that the greatest value of the maximum viscosity ŋ 0 that meets virtually indestructible system [13] [14] [15] , for samples of gel bases with xanthan gum, prepared by the method 3, is 106,3 Pa·s at a concentration of 1% (Figure3) . The lowest value of the minimum viscosity ŋ m , corresponding to the almost destroyed system [13] [14] [15] , is characteristic to the sample with xanthan gum, prepared by method 2, and it is 0,16 Pa·s at a concentration of 0.1% (Figure 2,3) . The largest anomaly of the viscosity ŋ 0 -ŋ m is characteristic for the systems with xanthan gum, prepared by 3 method, and it is 105,3 Pa·s at a concentration of 1%.
Based on the experimental data it was also calculated the structural and mechanical characteristics. For the xanthan gum the value P k1 > 0, this indicates that the investigated samples are structured bodies like solid [15] [16] [17] . The most dynamic limit of ability to flow was observed in samples with xanthan gum, prepared by the second and the third methods at a concentration of 1%. An indicator P k1 / P k2 , which characterizes the strength of structural links in the system [15] [16] [17] , indicates that samples prepared by the third method have the strongest structural links.
The analysis of the experimental data showed that the greatest value of the maximum viscosity ŋ 0 that meets virtually indestructible system [13] [14] [15] , for samples of gel bases with locust bean gum, prepared by the method 3, is 1,97 Pa·s at a concentration of 1% (Figure6). The lowest value of the minimum viscosity ŋ m , corresponding to the almost destroyed system [13] [14] [15] , is characteristic to the sample with the locust bean gum, prepared by method 2, and it is 0,18 Pa·s at a concentration of 0.1% (Figure5). The largest anomaly of the viscosity ŋ 0 -ŋ m is characteristic for the systems with locust bean gum, prepared by the method 3, and it is 1,589 Pa·s at a concentration of 1%.
Based on the experimental data it was also calculated the structural and mechanical characteristics. For the locust bean gum the value P k1 =0, this indicates that the investigated samples appear to be pseudo-plastic liquid [15] [16] [17] . The most dynamic limit of ability to flow was observed in samples with locust bean gum, prepared by the first and the third methods at a concentration of 1%. An indicator P k1 / P k2 , which characterizes the strength of structural links in the system [15] [16] [17] , indicates that samples prepared by the third method have the strongest structural links.
The analysis of the experimental data showed that the greatest value of the maximum viscosity ŋ 0 that meets virtually indestructible system [13] [14] [15] , for samples of gel bases with guar gum, prepared by the method 3, is 17,7 Pa·s at a concentration of 1% (Figure9). The lowest value of the minimum viscosity ŋ m , corresponding to the almost destroyed system [13] [14] [15] , is characteristic to the sample with the guar gum, prepared by method 2, and it is 0,43 Pa·s at a concentration of 0,1% (Figure8). The largest anomaly of the viscosity ŋ 0 -ŋ m is characteristic for the systems with guar gum, prepared by the method 3, and it is 16,96 Pa·s at a concentration of 1%. Based on the experimental data it was also calculated the structural and mechanical characteristics. For the guar gum the value P k1 >0, this indicates that the investigated samples are structured bodies like solid [15] [16] [17] . The most dynamic limit of ability to flow was observed in samples with guar gum, prepared by the first and the third methods at a concentration of 1%. An indicator P k1 /P k2 , which characterizes the strength of structural links in the system [15] [16] [17] , indicates that samples prepared by the third method have the strongest structural links.
A comparison of hydrocolloids solutions, obtained at different ways of preparation, showed that the most appropriate preparation of gels is the third, because under these conditions the viscosity of solutions (at the same concentration of a gelling agent) was higher and the structure of the gel was more homogeneous. A process for preparing the hydrocolloid gels don't affect the fluidity of the systems.
Conclusions
All the experimental samples of gels are characterized by non-Newtonian pseudoplastic type of stream. In the study of dependence of the structural viscosity on the shift stress of samples it is found that the viscosity of xanthan gels, prepared by 3 ways, decreased with the increasing of shift stress. This dependence characterizes xanthan gels as structured dispersed systems.
The most appropriate is the preparation of gels by the third method, which consisted in swelling of hydrocolloid for 40 minutes in water of room temperature, heating to 60 °C and cooling. The viscosity of the samples, prepared by this way (with the same concentration of a gelling agent), was higher and the structure of the gel was homogeneous.
The optimum concentration of gelling agents, which ensures the effective structure of mudflow base, is 0,5%. These gels have greater strength of structural links and greater range of stresses of structure destruction; also they meet the necessary organoleptic properties: have a more uniform structure, without lumps and do not stratify over time.
